Emulsion liquid membrane technique (ELM) was used for the extraction of phenol from synthetic and industrial effl uents. In this study, the liquid membrane used for phenol removal was composed of kerosene as the solvent, Span-80 as the surfactant and Sodium hydroxide as an internal reagent. Statistical experimental design was applied for the optimization of process parameters for the removal of phenol by ELM. The effects of process parameters namely, Surfactant concentration, membrane or organic to internal phase ratio (M/I) and emulsion to an external phase ratio (E/E) on the removal of phenol were optimized using a response surface method. The optimum conditions for the extraction of phenol using Response surface methodology were: surfactant concentration -4.1802 %, M/I ratio: 0.9987(v/v), and E/E ratio: 0.4718 (v/v). Under the optimized condition the maximum phenol extraction was found to be 98.88% respectively.
INTRODUCTION
Phenol is a toxic substance and large amounts are presented in wastewaters which are generated from refi neries, pharmaceutical and petrochemical operations and even in small quantities it is toxic to living organisms. The maximum phenol concentration for treated effl uent is 1 ppm 1 , while phenol concentration from the untreated industrial effl uent can be in the range of 2.8-6900ppm. Therefore, it is necessary to remove the phenol from industrial effl uents before it is discharged into the water stream and a variety of treatment methods can be applied for phenol removal 1-4 . Popular among these are activated carbon adsorption, chemical oxidation, liquid membrane and biological treatment. Among the various wastewater treatment techniques, Liquid membrane (LM) separation provides a potentially powerful technique for effecting diverse separation operations. Compared to conventional processes, Emulsion liquid membrane (ELM) process has some attractive features, for example, simple operation, high effi ciency, extraction and stripping in one stage, larger interfacial area, scope of continuous operation and a non-dependence on equilibrium consideration. Li was the fi rst to introduce ELM with the purpose of increasing the interfacial area to shorten the diffusion path 5-9 . In the application for wastewater treatment, ELM consists of water-oil-water system whereby the oil phase (membrane) acts as a selective barrier and encloses the aqueous stripping agent (internal phase). The emulsion will then disperse into the wastewater (external phase) for the extraction of the targeted solutes. Due to the concentration gradient between the two phases, the solutes transfer from the external phase into the membrane and are stripped down by the internal phase. The traditional optimization methods examine a single factor at a time while fi xing all other variables at one level. Response surface methodology (RSM) being effective for responses that are infl uenced by many factors and their interactions 10 . Analysis of variance (ANOVA) provides the statistical results and diagnostic checking tests, which enable researchers to evaluate the adequacy of the models 11-13 . Optimization of process parameters such as the concentration of the surfactant (SPAN 80), the ratio of Membrane phase to the internal phase in the membrane (M/I) and Emulsion to an external phase ratio (E/E) for the removal of phenol from synthetic solution using ELM were studied using Central composite design from a response surface method.
MATERIALS AND METHODS

Experimental design
Central composite design (CCD) was employed to determine the optimal conditions for the critical factors. The range and levels of experimental variables investigated in this study are presented in Table 1 . The actual values of independent variables (X i ) were coded to xi according to equation (1) by assigning the lowest values listed in Table 1 as -1.68 and the highest values as +1.68:
(1) Where x i is dimensionless value of independent variable, X i represents the real value of the independent variable, is the real values of the independent variable at the center point, and ∆x i is the step change.
The CCD permits the response surface to be modeled by fi tting a second-order polynomial with the number of experiments equal to 2f + 2 f + n, where f and n are the number of factors and center runs, respectively (f = 3, n=6). The repetition of central runs was carried out to Table 1 . Levels of different process variables in coded and un-coded form for the percentage removal of phenol provide information on the variation of the responses about the average, the residual variance, and eventually estimate the pure experimental uncertainty. A three factor-fi ve coded level CCD, 20 runs shown in Table 1 , was carried out to fi t to the general model of equation (2) and to obtain economically optimum conditions for the removal effi ciency.
(2) Where Y (the response or dependent variable) is the removal effi ciency (%), β 0 is the constant coeffi cient, β i is the linear coeffi cient, β ii is the coeffi cient of squared effect, β ij is the coeffi cient of interaction effect, and X i and X j are the coded values of variables i and j, respectively. The goodness-of-fi t of the regression model and the signifi cance of parameter estimates were determined through appropriate statistical methods. Optimization work on the experimental design, data analysis, response surfaces, and contour diagrams were performed by Design Expert 8.The statistical analysis of the results was carried out by ANOVA. It evaluates the model and its parameters, along with the determination of the individual and interactive infl uences of the factors on the phenol transfer from the bulk feed phase to the ELM phase by discovering the coeffi cients of the equation (2) . The statistical signifi cance was verifi ed by the F-test in the program. The model terms were selected or rejected based on the probability value with 95% confi dence level. Eventually, the response surface contour plots are generated in order to visualize the individual and the interactive effects of the independent variables. EXPERIMENTS 300 ppm of Phenol solution and 0.75 M NaOH solution was prepared by dissolving them in distilled water. For ELM preparation, Span 80 was used as a surfactant due to the popularity as an emulsifi er for liquid membrane. Kerosene was used as a diluent for the membrane. An emulsion of volume 12mL was prepared by mixing the surfactant and diluent in a ratio of 4:96 together with 0.75M NaOH solution as an internal stripping agent (internal phase) in a ratio of 1:1 by volume. The mixture of W/O was then emulsifi ed using a high speed homogenizer Ultra Turrax IKA-T25, operating at a rotational speed of 8000 rpm for 6 min to obtain a milky white color liquid membrane. The parameters such as Surfactant concentration, M/I ratio and E/E ratio were varied to observe their effects on the percentage removal of phenol. Calibration curve for absorbance of phenol concentration was prepared to check the absorbance of phenol solution using different known concentration samples. The prepared emulsion and synthetic phenol solution (external phase)were taken in a beaker at 1:2 volume ratio and stirred by an IKA RW 20 overhead stirrer at the speed of 400 rpm for 4 min. A 4mL of extracted phenol sample was taken and analyzed using UV-Vis Spectrophotometer Shimadzu-UV-2450 for phenol concentration. Detection of phenol observed at an absorbance value of 270 nm
1
. The concentration of phenol was estimated from the absorbance-phenol calibration curves. The response of the experiments measured in terms of percentage removal of phenol, which defi ned by equation (3) . (3) Where c 0 is the initial and c 1 is the fi nal phenol concentration in the external phase.
RESULTS AND DISCUSSION
The process variable of ELM for the removal of phenol examined using RSM with CCD shown in Table 2 . The experimental data were tested using statistical analysis, and a modifi ed quadratic model proposed according to the results.
The regression model equation for the percentage of phenol removal was expressed as equation (4). Where Y is the permeation of phenol through ELM, X 1 is the concentration of Span 80, X 2 is M/I and X 3 is E/E, the predicted removal plotted against the values, as illustrated in Fig.1 . The value of regression coeffi cient (R 2 = 0.9793) is closer to one and indicates that the correlation is best suited in predicting the values for the removal system and the predicted values are found to be closer to the experimental results.
(4) ANOVA used to check the signifi cance and fi tness of the model. As shown in Table 1 , the Model F-value of 52.47 implies the model is signifi cant. There is only a 0.01% chance that a "Model F-Value" this large could occur due to noise. Values of "Prob > F" less than 0.0500 indicate the model terms are signifi cant. In this case X 1 ,X 3 ,X 1 X 2 ,X 1 2 , X 2 2 and X 3 2 are signifi cant model terms. Values greater than 0.1000 indicate the model terms are not signifi cant. The applied ANOVA for the removal of phenol provided in Table 3 . The "Pred RSquared" of 0.8390 is in reasonable agreement with the "Adj R-Squared" of 0.9606. "Adeq Precision" measures the signal to noise ratio. A ratio of 20.381 indicates an adequate signal which is greater than 4 is desirable.
The plotted response surface curves were used to understand the interaction of the variables and to determine the optimum level of each variable for a maximum the experimental data. Thus, the quadratic model equation could explain the performance of ELM for phenol permeation process with a high level of signifi cance. The optimum conditions for the extraction of phenol using response surface methodology were: Surfactant concentration 4.1802%, M/I ratio: 0.9987(v/v), and E/E ratio: 0.4718(v/v). At the optimized condition the maximum phenol extraction was found to be 98.88% respectively.
